1 Tregs are present. Moreover, in the same hosts, the loss of CD25 expression by a population of Tregs also decreases in the presence of co-injected CD4
Introduction

CD4
+ CD25 + regulatory T cells (Tregs) represent 5-10% of the peripheral T-cell pool in both mice and humans and are essential for the maintenance of the peripheral CD4 + T-cell homeostasis (1) . Their development occurs in the thymus and is dependent on the expression of the transcription factor foxp3 (2) (3) (4) . In animal models where Tregs are absent (CD25
IL-2Rb
À/À and foxp3 À/À mice), T-cell homeostasis is disrupted and activated T cells accumulate in a non-controlled fashion, leading to the development of autoimmune diseases and subsequent death (4) (5) (6) . The re-introduction of limited numbers of CD25 + T cells in these animals is sufficient to rescue not only the autoimmune syndrome but also the normal composition of the peripheral T-cell pool, allowing for the presence of normal numbers and proportions of naive and activated T cells and, no less important, of CD4 + CD25 + Tregs (1, 4, 7) . Thus, the CD4 + CD25 + sub-population that plays an essential role in lymphocyte homeostasis is itself also under strict homeostatic control (8) .
The initial reports on the functional role of CD4 + CD25 + T cells were based on strategies using adoptive T-cell transfers into lymphopenic mice (9) . The transfer of naive CD25 À T cells caused the development of autoimmune diseases, which was prevented by the co-transfer of the CD4 + CD25 + cells. This outcome was proof of the existence of both potentially autoreactive CD4 + T cells and cells with a regulatory role in the CD4 + CD25 + T-cell fraction (10, 11) . It has been suggested that lymphopenia-driven proliferation (LDP) is required for the development of autoimmune diseases, as the depletion of CD25 T cells from normal adult mice is not sufficient to provoke their development (12) . Moreover, the transfer of large numbers of naive T cells into lymphopenic mice also does not result in the development of autoimmune syndromes (13 
Materials and methods
Mice
C57Bl/6.Ly5 b mice from Iffa-Credo (L'Arbresle, France), and B6.CD3e
À/À and C57Bl/6.Ly5 a mice from the CDTA-CNRS (Orléans, France) were kept on our own facilities at the Pasteur Institute and were matched for age (6-12 weeks) and sex.
Cell sorting and cell transfers
Lymph node (LN) cells from the Ly5 b and Ly5 a donor mice were prepared for sorting as described (1) . Intact non-irradiated B6.CD3e À/À hosts were injected intravenously with the purified CD4 T-cell populations alone or mixed at different cell ratios. By using mice differing by Ly5 allotypes, we were able to discriminate the cells originating from the different donor mice. Host mice were sacrificed at different time intervals after cell transfer. Spleen, inguinal LN and mesenteric LN cell suspensions were prepared and the number and phenotype of the cells from each donor population evaluated. The total peripheral T cells shown in the results represent the number of cells recovered in the host's spleen added to twice the number of cells recovered from the host's inguinal and mesenteric LNs.
Flow cytometry analysis
The following monoclonal antibodies were used: anti-CD45.1, anti-CD45.2, anti-CD3e (145-2C11), anti-CD4 (L3T4/RM4-5), anti-CD25 (7D4), anti-CD45RB and anti-TCRb (H57) from Pharmingen (San Diego, CA, USA); anti-CD25 (Southern Biotechnologies, Birmingham, AL, USA) and anti-foxp3 from Biosciences (San Diego, CA, USA). Four-color staining was preformed with the appropriate combinations of FITC, PE, TRIColor, PerCP, biotin and APC-coupled antibodies. Biotincoupled antibodies were labeled with APC-, TRI-Color-(Caltag, San Francisco, CA, USA) or PerCP-coupled (Becton Dickinson, San Jose, CA, USA) streptavidin. Dead cells were excluded during analysis according to their light-scattering characteristics. All acquisitions and data were performed with a FACScalibur (Becton Dickinson) interfaced to the Macintosh CellQuest software; analysis was performed also with FloJo software.
Statistical analysis
Sample means were compared using the unpaired Students' t test. Sample means were considered significantly different at p < 0.05. + cells, 22% of the progeny of the latter cells retained CD25 expression, while upon transfer of a 50/50% mix, 43% of the progeny of CD25 + cells retained CD25 expression (Fig. 4) . As the total number of recovered cells expressing CD25 was the same, this observation suggests that the number of cells of CD25 + origin which 'lose' CD25 expression is conditioned by the presence or absence of other CD4 + CD25 À cells (Fig. 4) 
Results
Origin
CD45RB
low T cells were transferred in the absence of competitors (in two out of four hosts) and in none of the co-transferred hosts (out of three hosts). We also observed that among the recovered cells the percentage of CD25 + cells correlated to the fraction of foxp3 + cells (although the percentage of foxp3 + was higher, confirming that not all foxp3 + lineage cells express CD25 at all times) (Fig. 5A) (Fig. 5B) . We found that the fraction of CD25 + or foxp3 + progeny of the transferred CD25 + population was equally higher in the presence of competitor populations, excluding the possibility that the CD25 + -derived CD25 À cells are foxp3 + cells that downregulate CD25 expression.
Discussion
The existing cooperation between different cell types during immune responses suggests that the immune system requires both a diverse repertoire and a complete set of different lymphocyte subpopulations. This adds a qualitative dimension to lymphocyte homeostasis: mechanisms that act in the control of T-cell numbers must also keep the essential subpopulations (8) . However, lymphocyte homeostasis is a dynamic process and the equilibriums attained will differ depending on both T-cell properties and environmental cues (8) .
Within the different T-cell subsets, CD4 + CD25 + Tregs represent a specific lineage, which originates in the thymus, depends on the expression of transcription factor foxp3 (2-4) and is essential for peripheral T-cell homeostasis (1). Since foxp3 is an intracellular marker and cannot be used to purify these cells, we must rely on other cell-surface markers to isolate and study this cellular subset. The most commonly used is CD25. The caveats of using this marker include the fact that CD25 is expressed by activated T cells and therefore CD25
+ cells may include a contaminant population of non-Tregs (19, 20) and it is yet unknown whether a fraction of Tregs may not express CD25 (20) . A recent report (17) using a Gfp-Foxp3 reporter knock-in confirmed these assumptions: although the large majority of CD25 + cells are Tregs (foxp3 + ), non-Treg CD25 + cells exist; moreover, CD4 + foxp3 + Treg lineage cells include a small proportion of CD25 À cells. These observations are extremely important for the interpretation of several recent studies on CD4 + CD25 + Treg biology (14) (15) (16) (17) 21) .
Generation of CD4 + CD25 + foxp3 + Tregs from naive CD4 + CD25 À T cells is possible either in vitro after infection with retroviral vectors containing foxp3 (2) or in vivo via the administration of low doses of antigen (22) . It has also been suggested that during LDP, CD4 + CD25 À T cells can convert into CD4 + CD25 + Tregs (14-16) probably through the expansion of the CD25 À foxp3 + Treg lineage cells (16) . However, recent reports using knock-in foxp3 mice (17, 18) contradict this possibility and state that these events do not occur in vivo during either immune responses (17) or LDP (18 À T cells provide a potential for the reconstitution of an activated pool of cells that are indistinguishable from the activated cells generated by the expansion of CD4 + CD25 À naive T cells. As a direct consequence, these cells will also have to compete for the occupancy of the same niche (Fig. 6) .
Although obtained in the mouse model, the present findings are relevant when the generation of CD25 + Tregs from naive peripheral T cells and the ex vivo expansion of CD4 + CD25 + Tregs and subsequent adoptive transfer are being envisaged as potential therapeutic techniques (24) . These strategies should take into account that competition from endogenous cells will have to be dealt with in order to successively establish donor cells, and conversely, that replacing the preexisting pool of CD4 + CD25 + Tregs with donor cells may have as a consequence the failure to control potentially autoimmune clones present in the host. À T cells (in white) into lymphopenic mice (top panels), a small proportion of foxp3 lineage CD4 + T cells (in red) is present. During the expansion of these cells in the hosts, it is likely that IL-2 produced allows the foxp3 lineage cells to express CD25 and use IL-2 in their expansion. As CD25 expression is required for the assembly of the high-affinity IL-2 receptor, these cells will be the best competitors for IL-2 usage and will prosper eventually to fill up the CD4 + cells (in green) is also present. These cells will expand in the host to eventually reconstitute the activated/memory CD4 + T-cell pool, while foxp3 +
CD4
+ CD25 + lineage cells will reconstitute their own Treg pool, making up for 20% of the total reconstituted pool. As the two pools are not shared, foxp3
À lineage cells will have the possibility to expand to a higher extent. When the two populations (CD25 + and CD25 À ) are cotransferred (bottom panel) the rare precursors will share the resulting pool with the progeny of the major contributors from the counterpart populations. Their expansion will thus be translated into smaller numbers of descendents and their contribution for the reconstituted pools will reflect the part they make of the initial precursors for the respective final pool. Conversion is thus a less likely event in the presence of competitors when the final reconstituted pool is analyzed.
